Galaxy cluster number count has been proven to be a powerful cosmological probe. However, cosmological constraints established with galaxy cluster number count are highly dependent on the calibration of the mass-observable relations. Thanks to its nearly mass independence the specific mass accretion rate of galaxy clusters is nearly insensitive to the calibration of mass-observable relations. The study of galaxy cluster number count evolution allows to probe the galaxy cluster mass accretion history in the context of an homogenous Universe. In this paper, we use relative abundance matching to infer the galaxy cluster mass accretion rate (MAR) for z ∈ [0.0, 0.6[. Then, we use the MAR to set cosmological constraints. We found that this cosmological probe is sensitive to σ 8 Ω = 0.75 ± 0.06. This results is consistent with cosmological constraints derived from galaxy clusters number counts, angular power spectrum, and cosmic microwave background analyses. Therefore, the MAR is a key cosmological probe that can break the σ 8 -Ω m degeneracy and that is not sensitive to the calibration of the mass-observable relations and does not requires a parametric form for the galaxy cluster mass-function.
Introduction
Galaxy clusters are the largest gravitationally bound structures in the Universe. Therefore, their statistic is a tailored probe of the large scale structure growth with cosmic time. Numerical simulations (see e.g., Tinker et al. 2008; Watson et al. 2013) have proven that galaxy cluster number count tightly scales with cosmological parameters.
Galaxy clusters observation is allowed by several probes: over-density of galaxies (Wen et al. 2012; Rykoff et al. 2014) , weak lensing produced on background galaxies (Heymans et al. 2012; Erben et al. 2013 ), X-ray emission produced by the hot gas of electrons within galaxy clusters through Bremsstrahlung radiation (Böhringer et al. 2001) , and the thermal SunyaevZel'dovich (tSZ) effect on the cosmic microwave background produced by the same population of electrons (Sunyaev & Zeldovich 1972) . The establishment of cosmological constraints from galaxy cluster abundance or angular power spectrum is now a welldeveloped activity. Tight cosmological constraints have been derived from galaxy cluster number count (Hasselfield et al. 2013; Reichardt et al. 2013; Planck Collaboration results XX 2014; de Haan et al. 2016) . However, galaxy cluster number count constraining power is limited by the accuracy of the mass-observable scaling relations (Planck Collaboration results XX 2014).
Contrary to galaxy cluster number counts, the galaxy cluster mass accretion rate (MAR) is nearly proportional to the galaxy cluster mass (see e.g., Correa et al. 2015) . Therefore, the specific mass accretion rate (sMAR = MAR/M) is nearly independent of the mass. Consequently, the utilization of the MAR to set cosmological constraints is nearly independent of the calibration of massobservable scaling relations. However, it remains dependent of the slope of the mass-observable relations. Additionally, the MAR increases with the matter density, Ω m , but decreases with the amplitude of the matter fluctuations, σ 8 . Whereas, galaxy cluster total number count increases with these two parameters. The main limitation in using the galaxy cluster MAR comes from its measurement (De Boni et al. 2016) . Recent detections of the galaxy cluster splashback radius (Shin et al. 2018 ) and virial shock (Hurier et al. 2019) are providing the opportunity to measure the galaxy cluster MAR (Shi 2016) . However, the splashback radius is detected on stacked data, making its cosmological interpretation difficult, and the virial shock has been detected for one single cluster so far.
In this work, we use relative abundance matching on galaxy clusters detected via the tSZ effect to measure the average MAR of galaxy clusters from z = 0.6 to z = 0.0. This approach allows to isolate the cosmological information contained in the evolution of the galaxy cluster mass function. Isolating such information is crucial to test the overall consistency of our understanding of large scale structure evolution and of the standard model of cosmology. In particular, the abundance matching approach in the high-mass end of the mass function allows to have little sensitivity to the considered galaxy cluster sample selection function. This probe is therefore particularly interesting for combination with cosmological constraints derived from galaxy cluster statistics that are not sensitive to selection effects such as: (i) the tSZ angular power spectrum (Reichardt et al. 2012; Sievers et al. 2013; George et al. 2015; Planck Collaboration 2015 results XXII 2016 , (ii) the tSZ skewness (Wilson et al. 2012) , or (iii) the tSZ bispectrum (Crawford et al. 2014; Hurier & Lacasa 2017) .
The paper is organized as follows: In Sect. 2, we present the theoretical framework for the tSZ effect, the mass accretion rate, and the galaxy cluster mass function evolution. Then, in Sect. 3, we detail the MAR extraction methodology. Finally, we present and discuss the result in Sects. 4 and 5. In the following, we consider Planck-CMB best fitting cosmology (Planck Collaboration results 2018 VI 2018) for the 6 parameter concordance standard model.
Theoretical framework

Thermal Sunyaev-Zel'dovich effect
The tSZ effect (Sunyaev & Zeldovich 1972 ) is a tailored mass proxy for galaxy clusters (Planck Collaboration 2015 results XXII 2016). This effect is a distortion of the CMB blackbody radiation through inverse Compton scattering. CMB photons receive an average energy boost when scattering off hot (a few keV) ionized electrons of the intra-cluster medium (see e.g., Birkinshaw 1999; Carlstrom et al. 2002 , for reviews). The intensity of the tSZ effect in a given direction on the sky is measured by the thermal Compton parameter, y, which is related to the electron density along the line of sight by
where ds is the distance along the line of sight, n e and T e are respectively the electron number density and temperature. In units of CMB temperature the contribution of the tSZ effect for a given observation frequency ν is
where, neglecting relativistic corrections, we have the frequency factor
where T CMB = 2.726±0.001 K, the tSZ effect is negative below 217 GHz and positive for higher frequencies.
Mass accretion history
To model the relation between the galaxy cluster MAR and the cosmological parameters, we used the results from Correa et al. (2015) , where the galaxy cluster mass accretion history is described by
Where M 0 = M(z = 0) and
with P(k) the linear power spectrum of the matter distribution and W(k, R) the Fourier transform of a top hat window function of radius R corresponding to the mass M.
Galaxy cluster mass function
Considering that the universe is homogeneous at large scales, the galaxy cluster mass function at z = 0 should be the same at all locations in the Universe. However, due to galaxy cluster mass accretion history, the number density of high mass galaxy clusters is higher at low-z. The redshift evolution of the mass function is therefore a proxy for the galaxy mass accretion history. On Fig. 1 , we show the mass-function evolution from z = 0.55 to z = 0.05 using the mass-function parametric form from Tinker et al. (2008) . The mass-function is particularly steep for M ≥ 10 15 M . Consequently, the high-end of the mass function is particularly sensitive to the mass accretion history of galaxy clusters. This mass function is presented as an illustration, in the following, we are not using any theoretical mass function.
Extraction of the mass accretion from galaxy
cluster number count
Data
we use the Planck SZ source catalogue (PSZ2 hereafter, see Planck Collaboration 2015 results XXVII 2016). It consists of 1653 sources detected through their tSZ effect in the Planck frequency maps. We also use the Q NEURAL parameter to assess the quality of the tSZ sources candidate. Follow-up results from van der Burg et al. (2016) have shown the accuracy of this parameter to disentangle galaxy clusters from spurious candidates. On Fig. 2 , we present the M-z plane coverage of the PSZ2 galaxy clusters detected with a signal to noise S/N MMF3 > 7 and Q NEURAL > 0.5. We note that most of the clusters have masses 10 14.5 < M SZ < 10 15.0 M and z < 0.5. The low-mass high-z part of this plane is not populated due to selection effects (galaxy clusters with S/N MMF3 < 7), whereas the high-mass part of the plane is not populated due to the lack of such massive objects in the universe.
relative abundance matching
First, we assume that the tSZ effect-mass relation logarithmic scatter is invariant with the redshift. We also assume that the evolution of the tSZ effect-mass scaling relation is properly accounted for the derivation of tSZ masses in the PSZ2 catalogue. Thus, for a given set of cosmological parameters (Ω m , σ 8 , H 0 ), we evolve galaxy clusters from their M SZ (z) mass to their expected mass at z = 0 accordingly to the mass accretion history from Eq. 4. Then, we build the mass functions as a function of M SZ (z = 0), dN/ obs d log 10 (M SZ ), for z ∈ [0.0, 0.1 [, [0.1, 0.2[, [0.2, 0.3[, [0.3, 0.4[, [0.4, 0.5[, and [0.5, 0.6 [. For each galaxy cluster, we use the measured apparent size, θ 500 , and measured integrated Compton parameter, Y 500 , (Planck Collaboration 2015 results XXVII 2016) to correct each object for the completeness of the PSZ2 catalogue. We also build the total mass function for z ∈ [0.0, 0.6[, dN tot /d log 10 (M SZ ). From this mass function, we compute the expected corresponding number of object, N, as a function of M SZ and z,
where dV(z) is the comoving volume element at redshift z and F sel (M SZ , z) is the selection function of the PSZ2 galaxy cluster catalogue. For each bin in the z-M plane we compute error bars assuming Poisson statistic. Then for each set of cosmological parameters we compute the corresponding χ 2 ,
This test is an assessment of the assumption that the mass function (expressed as a function of M SZ (z = 0)) is invariant as a function of redshift. Which implies that the corresponding cosmological model account properly for the mass accretion history. On Fig. 3 , we show the mean relative mass variation compared to M SZ (z = 0.25), ∆log 10 (M SZ ) = log 10 (M SZ (z = 0.25)) − log 10 (M SZ (z)). (12) The choice of normalization at z = 0.25 is arbitrary as we are just focussing on the mass function evolution. Each data sample on Fig. 3 is derived by computing the mean mass variation needed to match the mass function at redshift z with respect to the mass function at z = 0.25.
Results
For the analysis, we vary σ 8 , Ω m , and H 0 without priors, whereas all other parameters are marginalized as nuisance parameters. The constraints are highly degenerated for these three parameters. Consequently, we build a combined parameter of the form σ 8 Ω α m H β 0 . We determine the α and β parameters by minimizing the likelihood function dispersion. We derive α = −0.3 and β = −0.2, whereas for the tSZ angular power spectrum this degeneracy is σ 8 Ω 0.3 m .
On Fig. 4 , we present the likelihood function for the parameter
The global best fit is presented on Fig. 3 (solid blue line) and illustrates the very good agreement (within ∼ 2σ) among all measurements for individual redshifts. We obtain a χ 2 ndf of 1.6 for 5 degrees of freedom for the best fitting model. This results is consistent with tSZ galaxy cluster number counts, tSZ angular power spectrum, and tSZ bispectrum analyses (Hurier & Lacasa 2017) . It is also consistent, with cosmic microwave background weak lensing, X-rays, and tSZ cross-correlations (Hurier 2015; . It is also compatible with results derived from the cosmic microwave Due to sMAR nearly independence with mass, the sensitivity to hydrostatic mass bias is small, a variation of 20% for the mass bias induce only a variation of 0.02 over Σ 8 , with higher value for the mass bias favoring higher values for Σ 8 . For this work, we assumed (1 − b H ) = 0.74 (Hurier & Angulo 2018) .
Conclusion
We have presented a new approach to set cosmological constraints from galaxy cluster number count by focussing only on the evolution of the galaxy cluster mass function to extract constraints of the mass accretion history of galaxy clusters. This technic probes the average mass evolution of the galaxy clusters, dM/dz, under the assumption that the universe is homogeneous at large scales. Therefore, it does not assume any parametric form for the galaxy cluster mass-function. It is particularly sensitive to the high-end of the galaxy cluster mass function and is therefore not strongly sensitive to the selection function of the galaxy cluster sample 1 .
The constraints derived from this approach, on σ 8 Ω Additionally, due to the very small dependance of the sMAR with the galaxy cluster mass, this probe allows to be nearly insensitive to the mass-observable relation calibration, which is presently one of the main limitations in the cosmological exploitation of galaxy clusters (see e.g., . However, this probe remain sensitive to the slope of the massobservable relation.
Beyond the constraints on cosmological parameter, this tomographic approach of the galaxy cluster mass function allows to test the consistency between the normalization of galaxy cluster number count (which dominates usual constraints from number count) and its evolution. We have shown on Fig. 3 that all redshift bins presents a coherent evolution for the mass function. We also note that the best-fitting cosmological parameters also favors low values for Σ 8 . Which implies, considering the degeneracy relation, a low-value for σ 8 , or high values for Ω m and/or H 0 .
We derived σ 8 (Ω m /0.30) −0.3 (H 0 /70) −0.2 = 0.75 ± 0.06, which is compatible with other galaxy cluster related analyses and cosmic microwave background analyses. As this method relies on the assumption that the massobservable relation evolution is properly accounted in the mass derivation, this results also imply that the tSZ mass-observable relation is not significantly deviating from its expected redshift evolution at z < 0.6. recently, the MAR, dM/dt, has also been measured using galaxy cluster virial shock of individual cluster such as A2319 (Hurier et al. 2019) . Future microwave and sub-millimeter data will allow such measurements for large sample of galaxy clusters. Combining mass-function evolution with individual mass accretions rates will provide a new way of probing the Hubble parameter (time-redshift relation) with galaxy clusters.
